Imidazolium bearing ionic liquids (ILs), 3-hexadecyl-1-methyl-1H-imidazol-3-ium bromide [C 16 the increased alkyl substituents. Polarization study reveals that the used inhibitors behave as a mixed type, but predominantly exhibited the anodic inhibitive effect. The inhibitors adsorbed on the metal surface obeys Langmuir adsorption isotherm. Surface topography examined using an Atomic Force Microscope (AFM) and a Scanning Electron Microscope (SEM) with EDAX analyses. The formation of the Fe-inhibitor complex on mild steel surface has been confirmed by UV-Visible spectroscopy.
Introduction
Mineral acids are, particularly hydrochloric acid, commonly used in numerous industrial applications, such as, acid pickling, acid descaling, and other petrochemical processes [1, 2] , which causes serious corrosive damage of the steel materials. The use of corrosion inhibitors is the most effective method to protect the metal from corrosion [3, 4, 5] . Organic compounds commonly serve as inhibitors and inhibit metal from corrosion by a protective layer formed on the metal surface due to their active centers, especially heteroatoms (N, S and O) and double/triple bonds which concerning their interaction with the metal surface [6, 7, 8, 9, 10] . Moreover, ionic liquids are molten salts contain organic cation and different anion, which could be melt at/or below room temperature [11, 12] . The ionic liquids are also employed as green and sustainable replacements for volatile organic compounds due to their physicochemical properties [13] . Recently, ionic liquids have been utilized as inhibitors to prevent metal corrosion in acidic media [14, 15, 16, 17] . It was interpreted that the adsorption of such inhibitors on the metal surface relies upon the specific interactions [18, 19] due to free electrons, C¼N-group, the electron density of the nitrogen atom and high alkyl chain length present in the molecule [20, 21, 22] .
Imidazole based ionic liquids is one of the most important classes of ionic liquids as they have numerous advantages such as safety, low cost, non-toxic, biodegradable, soluble in water, strong adsorption on metal and high protection efficiency [23] . Generally, inhibition performance of imidazole based ionic liquids depends on their alkyl chain length and their size [24] . By increasing the number of the alkyl chain, the corrosion rate decreases in the presence of the inhibitor indicate inhibitor adsorption on the metal surface and thus inhibits metal from corrosion [25] . Also, the presence of free nitrogen atom in an imidazole compound develops a film on the metal surface which is usually hydrophobic, thus the hydrophobic film reduces the attack by the chloride ions or any corrosive environment on the metal surface. These can be added as effective corrosion inhibitors in fire water which contain mostly chloride ions is the proposed recommendation for corrosion protection of entire fire water piping services [26] .
From the above observations, we report the inhibition of mild steel in 1M HCl medium using two imidazolium ionic liquids namely, 3-hexadecyl-1-methyl-1H-imidazol-3-ium bromide [C 16 . This study is to examine the effect of increased numbers of the methyl group substituent in imidazolium ionic liquids with high alkyl chain length on the protection capacity against corrosion of mild steel. The performance of the inhibition was studied by the weight loss method at different temperature. The Langmuir adsorption isotherm was used to give evidence to inhibitors adsorbed on mild steel. UV spectra used to study the interaction between inhibitors and mild steel. SEM-EDAX and AFM study were used to study the changes that occur on the metal surface with and without inhibitors. 
Experimental section

Materials and methods
A corrosive test solution of 1M HCl was prepared using an analytical grade of HCl at 36% with distilled water. The elemental composition of mild steel was analyzed by an optical emission spectrometer (in % by weight) chosen in the present study given in Table 1 . The size of mild steel used for weight loss and electrochemical studies is rectangular in shape with dimension of 10 Â 4 Â 2 cm 2 , while for the surface study's cubic size with a dimension of 1 Â 1 cm 2 were used. The mild steel samples were abraded with the sandpaper grade (400-1200), cleaned with acetone, rinsed with double distilled water, finally dried and weighed. 
Synthesis of inhibitors
, T is the immersion period in an hour and D is the density of the used metal sample.
Electrochemical studies
Electrochemical studies were performed using Bio-Logic SP 300 through a conventional three electrode system which has a mild steel sample as a working electrode, platinum wire and Hg/HgCl 2 become counter and reference electrodes respectively. These electrodes were immersed in 1M HCl at different concentrations of [C 16 
UV analysis
The UV-Visible spectra of the inhibitor solution were recorded before and after immersion in mild steel. The formation of the metal-inhibitor complex was studied using UV-Visible spectrometry (UV-Visible spectrophotometer of the double beam laboratory instrument by Labmann Pvt. Ltd).
Surface analysis
Surface studies were carried out using high-resolution field emission scanning electron microscope (FESEM) FEI quanta FEG 200 with an energy dispersive X-ray analyzer. Scanning electron microscopy (SEM) used to study the surface morphology of the mild steel specimen in the absence and presence of 250ppm of inhibitors for 1hour at room temperature. Energy dispersive X-ray analyzer (EDAX) was used to study the chemical composition of the test specimens. Atomic force microscopy (AFM) studies were performed using the Scanning Probe Microscope 5100 Pico LE (Agilent Technologies). Table 2 . Before and after 1h immersion of the mild steel specimen are shown in Figure 6 . The values of inhibition efficiency, increased with increasing inhibitor concentration, which due to increasing the concentration of inhibitor raised the availability of heteroatom such as N, methyl substituent and imidazole ring, which supports the highest concentration of used inhibitors effectively covered on the metal surface. On the other hand, increasing concentration of inhibitor decreased the corrosion rate because in the presence of inhibitor could affect either or both metal dissolution and hydrogen evolution processes [28] . shows better inhibition efficiency. These phenomena are related to the effect of methyl substituent, high alkyl chain length and the heteroatom present in the inhibitors.
Temperature effect
The values of inhibition efficiency from weight loss experiments at different temperature (298K, 308K, 318K & 328K) are presented in Table 2 . From the Table 2 , the efficiency of the inhibitory molecules depends on their concentration and temperature [31] . The inhibition efficiency of [C 16 [Br] on mild steel was found to be reduced with rising temperatures. This can be described by the disruption of inhibitors of metal surface. The inhibition efficiency decreases up to 328K temperature suggests physical adsorption occurrence between the studied inhibitors and mild steel [32] . Hence the inhibitors attained maximum inhibition efficiency at 298K. In addition the corrosion rate values favoured the corrosion inhibiting nature of the inhibitors.
Adsorption isotherm
The adsorption isotherm study interprets the interaction between the inhibitory molecules and the metal surface. Surface coverage values (Ɵ) of weight loss experiments were used to study the adsorption isotherm (Temkin, Freundlich and Langmuir) and it was found that they obey Langmuir adsorption isotherm. The graph of the C/Ɵ VS concentration of the inhibitor yielded a straight line shown in Figure 7 . The K ads values of used inhibitors were calculated by the following equation,
Where C is the concentration of the inhibitor, Ɵ is the surface coverage and K ads represents the equilibrium constant of adsorption. K ads value is calculated from the intercept of the Figure 7 . 
Where R is the universal gas constant, T is the absolute temperature in K and the 55. or more negative are responsible for charge transfer between inhibitor and mild steel surface (chemisorption) were demonstrated by yesudass et al [36] . In this present work, the obtained value of ΔG 0 ads is lower than -20 K J mol À1 , which indicates physical adsorption. Therefore, it is concluded that the studied inhibitors were physically adsorbed on the metal surface. Meanwhile, the negative values of ΔG 0 ads for the inhibitors provide spontaneous adsorption process occurring on the mild steel surface. The inhibition efficiency decreases with increase in temperature, which is attributed due to physisorption of inhibitor molecules mainly depends on the electron density of the donor atom and the structure e molecule [37] . The physisorption is further confirmed from adsorption isotherm. [Br] into the 1M HCl medium at 298K are shown in Figure 8 . The Polarization parameters including the corrosion potential (E corr ), corrosion current density (I corr ), cathodic tafel slope (β c ), anodic tafel slope (β a ) and the inhibition efficiency (IE %) were listed in . From the figure and table, there is no significant change in the values of anodic and cathodic Tafel slopes, suggesting that the used inhibitors are mixed type and protect the metal from corrosion by blocking the active sites of the metal surface. According to the literature, a shift in E corr values is more than 85 mV with respect to E corr of the blank, the inhibitor was considered as a cathodic or anodic type and the shift is less than 85mV, the inhibitor can be considered as a mixed type [38] . In the present work studied inhibitors, E corr value shift was observed at positive side, the displacement was not more than 85mV, which reveals that studied inhibitors are mixed type but predominantly exhibited anodic. The highest inhibition efficiency of 87.12 % was obtained by [C 16 
Electrochemical impedance spectroscopy
Impedance spectroscopy and bode plots for mild steel immersed in 1M HCl in the absence and the presence of various concentrations of In the presence of an inhibitor, the size of the semicircle is greater than that of the uninhibited system. From the figure, it is clearly seen that the size of the semicircle increased with increasing concentration of inhibitors. This revealed that the mild steel specimen was protected against corrosion in the inhibited system. This shows an increase in R ct values [39] . From the bode plots shown in Figure 10 , we found that only one time constant exists for [C 16 , due to the fact that only one phase angle peak close to more negative directions as the result of increasing inhibitor concentrations. This was attributed to inhibitor molecules adsorbed on the mild steel surface. Meanwhile, the more negative phase angle value indicates the greater inhibitive behavior due to the high concentration of inhibitor molecules adsorbed. The impedance parameters double layer capacitance (C dl ), charge transfer resistance (R ct ) and inhibition efficiency (IE %) are listed in Table 6 . The inhibition efficiency and the double layer capacitance values are calculated by the following equations
Where f max is the maximum impedance frequency, R ct ' and R ct are the charge transfer values with and without inhibitors respectively. As shown in the table, the R ct values are high for mild steel in 1M HCl in the inhibited system, illustrating the inhibitor layer formed on the mild steel surface due to the charge transfer process. Furthermore, C dl values decrease with increasing inhibitor concentration, which is attributed to that inhibitors get adsorbed on the mild steel surface [40] . As a result which may be assigned to the structure of the inhibitor [41] . These results suggest a protective layer formed on the metal surface. The obtained results from impedance spectroscopy agree with the polarization and the weight loss studies.
UV analysis
UV-Visible spectroscopy used to study the interaction between metal and inhibitor molecules. The UV spectrum of the synthesized inhibitors before and after a 1hour immersion of mild steel in 1M HCl solution is shown in Figure 11 . All the inhibitors and the inhibited system show a peak at 200-300 nm, which are due to π→π* transitions [42] . These transitions exits confirm the formation of the [mild steel-Inhibitor] complex on the mild steel surface [43] . This supports the formation of protective films by [C 16 
SEM
Scanning electron microscopy was performed to observe the morphology of the metal surface. The mild steel exposed to 1M HCl solution without and with [C 16 Figure 12 . Mild steel in 1M HCl without inhibitor (Figure 12a ) is rough and porous, indicating that the mild steel surface has been severely damaged by the acid attack. On the other hand, the damages are reduced and a smooth surface was observed in the presence of [C 16 N. Subasree, J.A. Selvi Heliyon 6 (2020) e03498 Figure 12b and c demonstrates the formation of a protective layer of adsorbed inhibitor molecules in the mild steel specimen.
EDAX
EDAX spectra were used to determine the percentage of elements present in the inhibited and uninhibited mild steel surface. The Figure 13a shows EDAX of mild steel in 1M HCl without inhibitor shows O and Cl signals due to the corrosion products (FeO.n H 2 O and/or FeCl 2 .n H 2 O) formed on the metal surface. The Fe wt% is 70.09 which is less than the inhibited system; this reveals the mild steel surface has been affected in the test solution. On the other hand, the EDAX spectra of Figure 13b Figure 14 . The calculated average surface roughness values are listed in Table 7 . The mild steel specimen in the test solution without inhibitor (1M HCl) displays an 84.0063 nm surface roughness (Figure 14a) (Figure 14b and c) 
Mechanism of inhibition
Generally, the adsorption process of inhibitors may depend on the size and structure of inhibitor, π electrons in the ring, unshared electrons in the heteroatom, double bond present in the C¼N. These factors act as an active center for inhibitor molecules adsorb on mild steel. The adsorption of inhibitors could be considered as either physical or chemical adsorption and mixed type of both physical as well as chemical adsorption take place in the process [44] . First, the physical adsorption is 3. Donor-acceptor interaction between the π electrons in the benzene ring or double/triple bond in the structure of the inhibitor and empty orbital on the metal surface. 
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